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I.  Statement that this is an Aquifer Exemption application  
 

This document is submitted as an application for an Aquifer Exemption Request under 40 CFR 

146.4. It is submitted as Attachment S to a previously submitted application for an injection 

permit for a Class II disposal well, UIC Permit Application No. ID2D001-A. 

The aquifer exemption request area is limited to the Willow Sands aquifer from 4000’ to 6000’ 

below ground level in parts of seven sections, covering an area of 4 square miles.  The area is in 

Township 8 North, Range 4 West and described as the NE/4 of Section 9, all of sections 10 and 

11, the W/2 of Section 12, and the NW/4 of Section 13 and the N/2 of Sections 14 and 15. 
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II.  Executive Summary 
 

This application for an Aquifer Exemption sets out the support that the Willow Sands aquifer is 

eligible for an exemption determination. Under 40 CFR 146.4 an aquifer may be determined to 

be exempt if:  

(a) it does not currently serve as a source of drinking water; and  

(b) it cannot now and will not in the future serve as a source of drinking water because: 

    (1.) it is mineral, hydrocarbon or geothermal energy producing, or can be demonstrated by a 

permit applicant as part of a permit application for a Class II or III operation to contain minerals 

or hydrocarbons that considering their quantity and location are expected to be commercially 

producible, or 

    (2.) it is situated at such a depth or location which makes recovery of water for drinking water 

purposes economically or technologically impractical; or  

     (3.) it is so contaminated that it would be economically or technologically impractical to 

render that water fit for human consumption. 

The conditions of the Willow Sands aquifer relating to each of the exemption factors above are 

addressed in detail in subsequent individual sections of this application, however they are 

summarized briefly in this section below:  

(a) it does not currently serve as a source of drinking water: 

The Willow Sands aquifer is found at a depth of between 4000’ and 6000’ below ground level in 

the area of the proposed Aquifer Exemption. The depth and thickness of the aquifer is well 

established by the multiple oil and gas wells drilled in this area, which produce gas, condensate 

and oil from the Willow Sands reservoir. The area is rural, with only 4 Water wells within the 

geographic area of the proposed Aquifer Exemption. None of these water wells are deeper than 

215’, and thus are producing their water from zones over 3700’ shallower than the Willow 

Sands. A detailed search was made over a 24 square mile area surrounding the exemption area 

utilizing the Idaho Department of Water database. No water wells were found that were 

deeper than 415’ in this 24 square mile search area. Section IV of this application contains 

maps, discussion and tables presenting the results of the area wide water well search. 

Individual records of each water well drilled within the 24 square mile search area are 

presented in Appendix IV. As there are no water wells that come closer in depth than 3700’ 

above the Willow Sands aquifer, it is concluded that the aquifer is not currently serving as a 

source of drinking water. 

(b) it cannot now and will not in the future serve as a source of drinking water because: 

    (1.) it is mineral, hydrocarbon or geothermal energy producing, or can be demonstrated by 

a permit applicant as part of a permit application for a Class II or III operation to contain 

minerals or hydrocarbons that considering their quantity and location are expected to be 

commercially producible 
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The requested Willow Sands aquifer is a commercially producing gas condensate reservoir 

comprising the Willow Field. There are 9 active wells which produce gas, condensate and oil 

from the Willow Sands. The field has produced over 11.6 Billion cubic feet of natural gas, 

438,000 barrels of condensate and oil, and 17 million gallons of natural gas liquids. The Field is 

currently producing an average of 3.6 Million cubic feet of natural gas per day, 100 barrels of 

condensate per day, 4500 Gallons of natural gas liquids per day, and 10 barrels of water per 

day. Quite simply, our intent is to re-inject this associated produced water back in to the same 

Willow Sands aquifer from which it is produced. Section V of this application contains 

discussion, maps, cross-sections, well production summaries and other information which 

document that the Willow Sands aquifer in the requested Aquifer Exemption area is 

hydrocarbon producing.  

Satisfying the requirements of the above 2 exemption factors (a) and (b)(1) is sufficient to allow 

granting of an Aquifer Exemption under the statute.  However, our analysis concludes that the 

Willow Sands aquifer may be exempted under sections (b)(2) and (b)(3) as well:  

Section (b)(2) states that an aquifer may be determined to be exempt if: “it cannot now and 

will not in the future serve as a source of drinking water because…    (2.) it is situated at such 

a depth or location which makes recovery of water for drinking water purposes economically 

or technologically impractical; or”.  

The cost to drill and complete a 5000’ to 6000’ well to the Willow Sands to produce water is 

estimated to be $2.95 Million. There are other much shallower zones locally that are currently 

being used (60’ to 300’) for drinking water where wells can be drilled for $25,000. There are 

also other possible aquifers in the general area at 600’ to 1300’ that could be accessed. As this 

area is rural and very lightly populated, and the current water needs are being met by shallower 

aquifers, it does not make economic sense to drill deep, 5000’ to 6000’ wells to access water in 

the Willow Sands aquifer. This point is discussed in more detail in Section X of this application. 

Section (b)(3) states that an aquifer may be determined to be exempt if: “it cannot now and 

will not in the future serve as a source of drinking water because… (3.) it is so contaminated 

that it would be economically or technologically impractical to render that water fit for 

human consumption, or…” 

We have done extensive sampling and analyses of the water contained in the Willow Sands 

aquifer. All of the water samples analyzed from the aquifer show the presence of benzene, 

toluene, ethylbenzene and xylene in levels unacceptable for drinking water. The levels 

measured are consistent with the fact that commercial hydrocarbons are present in the 

reservoir, these species of hydrocarbons are very commonly found in oil and gas fields. We 

have had third party analyses done of the cost to treat the water to render it useable for 

drinking and the costs are economically prohibitive. Section VII and VIII of this application 

shows maps of sampled wells, summary tables of test results, cross-sections showing sampled 

intervals, and further discussion. Appendix VII has the full water analyses for the sampled wells 

and intervals. This section also discusses the sampling protocols and test methods used.  
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III.  Project Area Description  
 

The proposed Aquifer Exemption (AE) area is strictly for the Willow Sands member of the lower 

Chalk Hills Formation, found at a depth of generally 4000’ to 6000’ below ground level, over an 

area comprising the southern half of the Willow Oil and Gas Field. The AE area is proposed to 

include only the Willow Sands aquifer, from 4000’ to 6000’, in parts of 7 sections, covering an 

area of 4 square miles or 2560 acres (Exhibit III-A & B).  The specific AE request area is for the 

NE/4 of Section 9, all of Sections 10 and 11, the W/2 of Section 12, the NW/4 of Section 13, and 

the N/2 of Sections 14 and 15, all in Township 8 North Range 4 West. This AE request is strictly 

limited to the Willow Sands, which are a commercially producing oil and gas reservoir in this 

area and beyond, and will not impact any other aquifers (see Exhibit III-C, Composite Type 

Lithologic Section).  

The area of the Willow Field is very rural and lightly settled. The surface topography is 

dominated by broad rolling hills and steep bluffs with surface elevations ranging from 2230’ to 

2600’ above sea level. Approximately 90% of the proposed exemption area is this type of 

rugged terrain, it is primarily used for ranching, cattle grazing, and oil and gas production 

activities. There is an area of pivot irrigation on high plateaus which touches the southern part 

of the area. Alfalfa for cattle feed is the dominant crop raised there. About 10% of the AE area 

is a small section of the valley of Little Willow Creek.  Traversing the northwest edge of the AE 

area, the valley is about 2500’ wide and relatively flat, but gently dips to the southwest in the 

direction of the creek’s drainage. There is farming and cattle grazing in the valley.   The few 

houses in this area are found along this valley. Our Little Willow oil and gas production and 

gathering facility is also there. Pictures of the project area are included in Exhibit III-D (pages 11 

– 14).  A picture location reference map is on page 15.  

The Ecoregions of Idaho Project is part of an interagency effort (between USEPA Region X, 

USEPA-NHEERL (Corvallis), IDEQ, USFS, USDA-NRCS, BLM, USGS, and EROS) to describe and 

categorize ecological regions within the state of Idaho. This study categorizes the broad region 

within the Snake River Plain that the AE area is within as “12 J – Unwooded Alkaline Foothills”. 

The description from the study of this type of ecoregion is below: 

“The shrub- and grass-covered Unwooded Alkaline Foothills ecoregion is higher and more rugged than 

Ecoregion 12a. Sandy, alkaline lacustrine deposits occur unlike in other ecoregions and support a unique 

flora. Potential natural vegetation is saltbush–greasewood and sagebrush steppe. Today, cheatgrass and 

crested wheatgrass are also common and the ecoregion is used for livestock grazing. Land use is unlike 

that of Ecoregions 12a and 12i. Perennial streams are rare and are much less common than in Ecoregion 

1.” 
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#3 - Looking South from Proposed Injection Well (DJS #2-14) 

#4 - View looking NE from Kauffman 1-9, drilling rig on ML 1-3, ML 2-3 location in middle 

 
Exhibit III-D Cont.   
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  #5 - View looking North to Kauffman #1-34 

 

#6 – View looking Southeast overlooking LWPF, ML Inv 2-10, ML Inv 1-11 and 

DJS 2-14 (proposed injection well). 

Exhibit III-D Cont.   
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#7 - Looking Northeast from ML 3-10 # 8 -Looking East from ML 2-10 

Exhibit III-D Cont.   
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IV.  Evidence supporting 40 CFR 146.4 (a) 
 

In researching the drinking water wells within the nearby and the proposed exempted 

area for the aquifer exemption it is evident that there are no water wells that will use the 

proposed exempted portion of the aquifer as a source of drinking water as the proposed 

exempted area is between 4000’  and 6000’ deep and the deepest water well located in the 

exemption area is 215’ deep.  

 The proposed exemption area is located in the south west portion of Idaho.  The water 

wells in the area were located using the Idaho Department of Water Resources (IDWR) well 

data at https://idwr.idaho.gov/wells/find-a-well.html. To verify the depth of one well in the 

Proposed Aquifer Exemption area we contacted the land owner as noted in the tables in the 

following exhibits.   

Exhibit IV-A is a map indicating all water wells located in a 24 square mile search area 

(as noted by the red box) surrounding the proposed aquifer exemption identified using the 

IDWR website.  Using the well reports from the 24 square mile area downloaded from the 

IDWR website the following requested information is compiled in the table in Exhibit IV-B:  Well 

Name/#, Owner, (Private/Public), Contact information, Purpose of the well (Domestic, 

Irrigation, Livestock, etc.), depth of source water, name for aquifer, well completion data, age 

of well (if known), and the primary source of well data (Applicant/State/Tribe/EPA) 

Zooming in closer around the area of exemption Exhibit IV-C shows a map indicating All 

Water Wells within a 1-mile radius of  the Proposed Aquifer Exemption Area (indicated by the 

red box).  Exhibit IV-D shows the table with the water wells within the 1-mile radius listed with 

EPA requested information. 

Exhibit IV-E indicates only the water wells in the Aquifer Exemption area (designated by 

the red box).  There are 6 wells (two duplicates/re-drills) within the proposed area identified by 

the Idaho Department of Water Resources.  As previously stated the deepest of these wells is 

215’.  

The table with the water wells information within the Proposed Aquifer Exemption Area 

is Exhibit IV-F. There are 3 domestic water wells, 1 stock water well and 1 cathodic protection 

well at our Little Willow Production Facility.  The IDWR has one well located in T8N R4W S15 

which did not have a log on file; according to the landowner the well does not exist.   

So in summary there are only three domestic and one stock water wells within the 

proposed aquifer ecemption area, none deeper than 215’.   

The depths of the water wells within the Proposed Aquifer Exemption Area and the 

depth of the typical Willow Sand oil & gas well is shown on the comparative graph in Exhibit IV-

G.  
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V.  Evidence supporting 40 CFR 146.4 (b)(1)  
 

“It cannot now and will not in the future serve as a source of drinking water because it is mineral, 

hydrocarbon or geothermal energy producing, or can be demonstrated by a permit applicant as part 

of a permit application for a Class II or III operation to contain minerals or hydrocarbons that 

considering their quantity and location are expected to be commercially producible.” 

The Willow Sand aquifer in the Willow Field area is a commercially producing hydrocarbon 

reservoir. The reservoir has produced over 11.6 Billion cubic feet of natural gas, over 438,000 

barrels of condensate and oil and over 17 Million gallons of natural gas liquids (NGL’s) in 4 

years. 9 wells have produced or are currently producing commercial quantities of 

hydrocarbons. First gas production from the field was sold in August of 2015.  It is currently 

producing an average of 3.6 MMcfgd, 100 Bopd and 4500 gallons of NGL’s per day from 5 wells. 

4 wells are presently shut in (August 2019). 2 wells were drilled to the Willow Sands and tested 

noncommercial quantities of natural gas, helping to delineate the extent of the field. Exhibit V-

A is a plot of Willow Field Historical Hydrocarbon Production. 

8 wells were drilled from 2010 through 2014 to discover and delineate the field prior to first 

production in 2015.  See Exhibit V-B for tables providing well names, locations, status, IP30 

production rates, spud date, cumulative production and comments for each well. There are 2 

sorts of the well population, one by spud date and the second sorted by well location (from 

north to south). IP30 is a rate metric, it is calculated as the wells first full month (30 days online) 

of total production divided by 30. This metric gives a more representative view of a wells 

productivity than a one day initial potential (IP) test. The comments section indicates which 

month and year qualified as the wells first full month of production. Note in the table that 2 

wells were dually completed in the Willow Sands (Kauffman #1-9 and ML #1-11). Each of these 

wells has an upper tubing (UT) and lower tubing (LT) completion. The production figures for the 

dual completed wells are combined in this table to the respective individual well.  

This information is taken from State of Idaho Monthly Production Reports. These data are 

collected in folders by year, and available for review in the digital files folder accompanying this 

AE request (State of Idaho Production Reports Folder). The information is also available online 

at:  https://ogcc.idaho.gov/monthly-annual-reports/  Also available in the “digital files folder” is 

a folder entitled “Well Files- Willow Field”. Within this folder are folders for each of the wells 

within Willow Field. Each wells folder contains the original state permit to drill, state 

completion reports, open hole logs and the mud log for the well. 
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Exhibit V-A 
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We constructed a gathering facility (Little Willow Production Facility or LWPF) at Willow Field 

which collects production from the wells at Willow Field (See Exhibits V-C and V-D). Subsurface 

flowlines transport raw hydrocarbon streams from each well down to the LWPF. The produced 

fluids then pass through separators which separate out the natural gas, condensate, and water 

from each other. Exhibit V-E is a flow diagram of the Little Willow Production Facility. The gas is 

then put through a dehydration process and then into a gas pipeline. The condensate is 

pumped into a pipeline also. The associated produced water is collected and placed in storage 

tanks, and then transported by truck to an evaporative disposal facility in Kuna, Idaho. 

2 pipelines 11 miles long were permitted and built from 2013 to 2015 from the Willow Field, 

south to an interstate gas pipeline connection. One pipeline carries gas and the other 

transports condensate and NGL’s. These pipelines go to a midstream gas processing plant 

(Highway 30 Plant) which separates NGL’s from the natural gas, allowing the gas to be sold into 

the interstate pipeline. Condensate is stabilized at the plant, which separates the NGL’s from 

the condensate. NGL’s from the gas and condensate are stored in pressurized “bullet tanks”, 

then trucked to Ontario, Oregon, transloaded, and then transported by rail to market. 

Condensate is also trucked separately to Ontario, transloaded and then railed to market. Oil is 

transported directly from the Willow Field to Ontario for rail shipment to market. Exhibit V-F is 

a base map of the Willow Field showing the producing wells, production units and the Proposed 

Aquifer Exemption Area.  
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Exhibit V-C 

 

 

Google Earth Image of Little Willow Production Facility (LWPF) 

 

MAPS OF WELL/AREA AND AREA OF REVIEW - Google Earth Image of Little Willow Production 

Facility (LWPF).  The LWPF collects raw production via pipelines from area wells: separates oil, 

condensate, natural gas, and water.  Storage tanks for liquids. Water is currently hauled out by 

truck. 
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Exhibit V-D 

 

Little Willow Production Facility 
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Highway 30 Treating Facility – Midstream Operation  
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VI. Willow Field Regional Geology and Reservoir Description 
 

The Willow Sands are a thick section of Miocene age lacustrine and fluvial sands deposited in a 

gradually subsiding basin. The Western Snake River Basin (WSRB) began rifting and subsiding in 

middle Miocene time, coincident with and following eruption of the Columbia River Basalts (17 

– 12 MYA). Basalts were extruded, and volcanic ash and marsh sediments were laid down as the 

basin continued to subside. As the basin deepened, a lake (Lake Idaho) was formed and fluvial 

sands and sediment washed into and continued filling the basin. The Payette Formation and the 

Willow Sands member of the lower Chalk Hills formation represent these early sediments. As 

the basin continued to subside, drainage outlets were blocked allowing a lake of great depth 

(over 1000 feet in depth) to form. The middle and upper Chalk Hills formation represent this 

phase of deposition, it is composed of 2,000’ to 3500’ of claystones and ash. See Exhibits VI-A 

and VI-B modified from Barton, Idaho Geologic Survey, 2019 (pre-publication).  Exhibit VI-A is a 

location map over the northeast margin of the basin. R-R’ indicates a line of cross-section from 

near the basin margin on the east, then westerly across the Willow Field and into the basin. 

Exhibit VI-B is the regional cross-section R-R’ which incorporates the exploratory wells drilled 

and demonstrates the geologic history described above. The salient points demonstrated here 

relative to this aquifer exemption discussion are these: 

1. Thick Chalk Hills claystones provide a widespread and extremely competent top-seal 

above the Willow Sands. 

2. The small faults present locally are early, syn-depositional and die out (cease 

movement) in the overlying Chalk Hills claystones.  

3. The shallow aquifers in use in the basin are separated from the Willow Sands at depth 

by thick Chalk Hills and Glenns Ferry claystones. 
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Exhibit VI-C is a structure map (depth subsea) of the top of the Willow Sands. The map was 

made using proprietary 3-D seismic data in conjunction with the sub-surface depth control 

provided by the numerous wells we have drilled in the Willow Field to test the Willow Sands. 

We designed, acquired and processed the 3-D seismic survey in 2012 specifically to image the 

area around the Willow Field. 

Willow Field is a roughly elliptically shaped structure about 3 miles long in a northwest-

southeast axis, and 2 miles wide in a southwest-northeast direction. It is composed of several 

fault blocks separated by small offset buried faults (50’ to 300’ of throw typically at top of 

Willow Sand). The movement along these faults was gradual, in a dip direction, and 

contemporaneous with deposition. The primary evidence to identify the faults is our 3-D 

seismic data, and these data show the faults to have greater throw at depth, diminishing throw 

at the top of the Willow Sands, and then dying out and ceasing to exist by the upper Chalk Hills. 

The faults typically have short lateral lengths as well, usually only a half a mile long to 2 to 3 

miles in length before dying out. This set of facts strongly evidences the faults to be 

contemporaneous depositional faults, likely related to underlying subsidence and rifting, that 

have had no movement for millions of years. 

Exhibit VI-D is a west-east dip cross-section A-B of 2 wells in the Willow Field (ML #3-10 and ML 

#1-11), the line of section is indicated on the structure map. This cross-section will be discussed 

in detail in Section VIII, however it is presented here as an introduction to the structure and 

stratigraphy of the Willow Field. Note the presence of the overlying thick Chalk Hills claystone 

seal section, which traps gas and condensate in the Willow Sands. Also note that there are 

multiple thin claystone sections and ash/tuff beds interbedded within the Willow Sands. These 

beds provide competent and important bottom seals within the Willow Sand section. 

Exhibits VI-E & VI-F are two presentations of a northwest-southeast strike cross-section H-H’ 

through several wells along the structural axis of the Willow Field. Exhibit VI-E is the cross-

section at roughly true scale (ie no vertical exaggeration) and is intended to show the entire 

stratigraphic succession to the surface.  Note the thick, omnipresent Chalk Hills claystone 

section overlying the Willow Sands reservoir.  

 Exhibit VI-F is the same cross-section H-H’, however displayed at 2X vertical exaggeration and 

focused on the Willow Sand section. This section shows the ML 1-10 well, which penetrated the 

entire stratigraphic section down to basalt.  Note the multiple claystone layers and basal tuff and 

basalt layer penetrated by the ML # 1-10 well.  These layers provide multiple widespread confining 

layers and bottom seals for the Willow Sands. 
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Exhibit VI-D 
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Aquifer/Reservoir Description: Willow Sands 

The Willow Sands are typically massive, though often cross-bedded or laminated. They are 

typically sub-angular to sub-rounded and poorly sorted. This is a function of relatively short 

sand transport distances from their provenance in granitic highlands in central Idaho to the 

basin in southwest Idaho. They are dominated by abundant quartz grains, with moderate 

amounts of igneous rock fragments, potassium feldspars and plagioclase, and lesser amounts of 

biotite, metamorphic rock fragments and clays. The typically thick (50’ to 200’) sand beds are 

frequently separated by thin (5’ to 50’) shale, claystone, siltstone or ash/tuff beds. The cyclic 

nature of this deposition (Thick sand/thin claystone/thick sand/thin ash-tuff/thick sand/thin 

tuffaceous claystone/sand….) is consistent with the interpretation of the Willow sands 

representing cyclical pulses of fluvial and lacustrine sands being deposited in a lacustrine 

environment, with nearby volcanoes periodically producing ashfalls which wash into the lake.  

We have done an extensive sidewall coring program of the wells in the field. See Exhibit VI-G 

which is a map indicating which wells (8) that we have taken sidewall cores in. We would 

typically take 60 to 120 sidewall cores in each of these wells. The coring program was primarily 

directed at evaluating the upper sections of the Willow Sands in known and suspected 

hydrocarbon bearing sand zones, but we have cored throughout the Willow Sand section. 

Porosities in the sands are typically very good, in the 25% to 34% range and permeabilities in 

the hundreds to thousands of millidarcies. In the digital well file folder for the ML 2-10 well is a 

triple combo open hole log with SWC data annotated on the log. This exhibit shows porosity 

and permeability values representative of the reservoir quality of the Willow Sands in the other 

wells that we have cored in the Willow Field.  

Exhibit VI-H is an example of some of the types of petrographic analysis that we have done with 

cores that we have collected from the Willow Sand. This example is thin section petrography, 

we have also done X-ray diffraction work on some of the cores as well. 
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Exhibit VI-H 
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VII.  Reservoir fluids 
 

The primary fluids produced from the Willow Sands reservoir historically have been gas, 
condensate and associated fresh water. We have done extensive analyses of samples of these 
produced fluids at reputable, third-party commercial laboratories. This section presents the 
results and summaries of those analyses.  Exhibit V-B (page 27) is a summary of the total 
volumes of these produced fluids.  
 
Exhibit VII-A is an example of the results presented and constituents measured for a typical 

condensate sample collected from and produced by a well in the field. We have had this type of 

analysis done for all the producing wells in the field. The hydrocarbon liquid produced from the 

reservoir is a sweet, high gravity (70 degrees API), typically colorless to straw-colored 

condensate. 
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 ML Investments #1-10 Condensate Analysis  

Exhibit VII-A 
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Exhibit VII-A Cont.  
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Exhibit VII-A Cont.  
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Condensate sample produced from ML 2-10 

 

 

Exhibit VII-B is an example of the summary results presented from the analysis of a produced 

gas sample. The gas is high BTU, typically 1180-1200 per cubic foot due to the associated NGL’s. 

This analysis with 86.2% methane, 6.2% ethane, 3.8% propane, 2 % butanes and a significant 

fraction of pentanes+ is typical of the natural gas produced from the Willow Sands reservoir. It 

also shows why a gas plant is needed to separate the NGL’s from the gas stream before the gas 

can be sold into an interstate pipeline. 
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Exhibit VII-B Cont.  
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Gas flare from testing operations on ML #2-10, March 22, 2014. 



Aquifer Exemption AM Idaho 

9/20/2019 1:43 PM  Page 54 of 86 
 

 

 

 

 

Exhibit VII-C is a map entitled “Willow Sand Water Analysis”. The map indicates which wells 

have had produced water samples analyzed. We have conducted a thorough water sampling 

and analysis program from the discovery, through development drilling, and into the current 

production phase of the life of the Willow Field.  This field is the first commercial oil and gas 

field found in the state of Idaho, and we continue to use good scientific methodology to 

understand the reservoirs and their associated fluids. To understand how or if the water 

chemistry changes in the Willow Sand reservoir, we have attempted to have diversity in our 

sampling and analyses spatially, stratigraphically and temporally. The referenced map shows 

the spatial distribution of water samples analyzed. In the following Section VIII several log 

cross-sections are presented with stratigraphic intervals within the Willow Sands annotated 

that have been sampled and analyzed for water chemistry. These annotated intervals indicate 

stratigraphic diversity of sampling in the Willow Sands. We have collected and analyzed water 

samples from 2010 to 2019 as new wells were drilled and completed, as wells were 

recompleted into shallower zones, and some zones re-sampled once or twice after producing 

for an extended period.   

 

Exhibit VII-D is a table which summarizes some of the results of the water sample analyses that 

we have done in the Willow Field and proposed aquifer exemption area. The table shows well 

name, date sampled, depth, total dissolved solids, and concentrations of Benzene, Toluene, 

Ethylbenzene and Xylene (BTEX). The presence of BTEX in the waters of the reservoir is 

unsurprising, these hydrocarbon species are normal constituents in oil, gas and condensate 

bearing reservoirs and those associated waters. The levels measured here in the Willow Field 

are well above acceptable levels for a USDW. This topic is addressed specifically in section XI. 

Full laboratory reports summarized in the table are available in Appendix VII, and in the digital 

files folder.  
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Exhibit VII-E is the laboratory report for a water sample analysis from the DJS #2-14, this is an example 

of the typical analyses done for each water sample collected. Approximately 30 elements, compounds 

and hydrocarbon species are looked for and concentrations determined if present. EPA methods of 

analyses for each constituent are indicated in the tables. Correct sampling protocols, handling, and chain 

of custody procedures are practiced throughout the sampling and analysis process. 

The procedure for taking and handling samples of produced water was provided by a 3rd party lab 

(Analytical Laboratories, Inc. in Boise, ID).  The directives were very specific and detailed in the overall 

sampling/handling and shipping of the produced water samples.  See detailed steps below: 

a) Wash hands, do not touch sample bottle caps, do not rinse out bottle prior to collecting sample, 

use bottle supplied by Analytical Laboratories only.  

b) Hold sample bottle close to water source (water dump line of separator and fill up bottle using a 

needle valve/spigot – Do not use hose or bucket. 

c) Fill bottles until water dome forms and put cap back on.  Turn bottle over and confirm there are 

not bubbles.  If bubbles are present, carefully add more water and repeat until there are not 

bubbles present.  Do not overflow container bottles. 

d) Keep samples refrigerated – carefully place samples in cooler. 

e) Fill out all paper work with each sample and mail chilled samples to Analytical Laboratories in 

Boise, ID.  

These sample collection procedures were followed strictly; however, we would drive the samples 

directly to the lab in Boise in insulated coolers rather than mail them.   
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Water Analysis: AMS DJS 2-14 (1 of 4) 

Exhibit VII-E 
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Water Analysis: AMS DJS 2-14 (4 of 4) 

 
Exhibit VII-E Cont. 
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VIII.  Reservoir Seal Competency 
 

This section addresses confining zones which could serve to contain injected fluids within the 

Willow Sands reservoir. It is intended to examine the evidence for top seals, lateral seals and 

bottom seals relative to the Willow Sands reservoir. Well documented empirical evidence 

supports the conclusion that the Willow Sand reservoir is effectively contained by competent 

top, lateral and bottom seals in the fault blocks proposed to be included in the aquifer 

exemption request area. The evidence is presented in a series of cases following. 

Top confining layer: The Willow Sands are overlain by a thick, extremely widespread layer of 

claystones of the lower, middle and upper Chalk Hills formation. This is capped by the Glenns 

Ferry formation, which is dominated by claystone, but does include minor thin sands and 

siltstone.  The combined claystone seal layer averages over 3000 feet thick within the area of 

the aquifer exemption request. Log cross-sections presented previously (Exhibits VI-B, VI-D and 

VI-E) as well as additional cross-sections immediately following document this fact. The mud 

logs and open hole logs for the oil and gas wells drilled in the aquifer exemption area are 

available in the digital files folder, and available online from the state of Idaho.  
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 Exhibit VIII-B 
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Exhibit VIII-G 

Lateral Seal Fault Seal Competency: Fault Blocks C and B Comparison 

The datum for the structure map above is top of the Willow Sands depth below sea level. The cross-section C-B-E shown to 

the right has a northwest to southeast line of section and is indicated on the map above. It traverses 3 fault blocks and runs 

along the axis of the Willow Field. The structurally highest well at top Willow Sands is the ML #1-3 (-1642’ subsea). It has 

produced most of its ultimate reserves (2.76 Bcfg) from this water drive reservoir and is cycled (produced periodically) as 

gas builds up. It has lowest known hydrocarbons at -1809’ subsea.  

The intermediate fault block B lies downdip and upthrown across a small 40’ fault, it has 2 wells that are structurally low to 

the ML #1-3 that are still producing daily. These are the ML #2-10 (-1675’, 33’ low) and the ML #1-11 (-1729, 87’ low). 

These 2 wells have a common original GWC @ -1888’. As these wells still produce economically long after the ML #1-3 has 

essentially “watered out”, this is strong evidence that the 40’ fault seals and separates the 2 reservoirs C & B. 

Fault block B is a depletion drive reservoir, with declining pressure as the hydrocarbons are produced, while fault block C is 

strong water drive. This strongly supports the sealing competency of the small fault. These conclusions are supported on 

the following pages. 
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IX.  Discussion of Boundaries of Proposed Aquifer Exemption Area  
 

This aquifer exemption request is submitted along with an injection permit application for the 

DJS #2-14 well (currently shut-in). If approved, our plan would be to inject the water (which is 

produced along with the gas and condensate from the Willow Sands) back into the Willow 

Sands aquifer using the existing DJS #2-14 wellbore.  The DJS #2-14 wellbore is in fault block E in 

the Willow Sand section, bounded on either side by fault blocks A and B (Refer to Exhibits VIII-

G & H on pages 72-74).  

Exhibit IX-A is an isopach map of the partial Willow Sand section which is penetrated by the DJS 

#2-14 wellbore. This wellbore encountered over 500’ of the Willow Sand interval from around 

4900’ to total depth of 5500’. The gross isopach was made using the 3-D seismic volume and 

the subsurface control from the area wells drilled. 

A calculation of the expected injection reservoir capacity was performed.  This calculation 

assumes a confined reservoir pore space as defined by the isopach of the injection zone in a 

fault block bounded on 3 sides by faults.  The bulk volume is calculated by determining the area 

of each isopach interval and using the average of the areas to calculate the total bulk injection 

reservoir volume.  A porosity of 23% is estimated from open hole wireline logs for the injection 

interval.  Water saturation is estimated at 80%, with a complementary 20% gas saturation.  This 

is based on the swab test of the 5380’- 5390’ perforations, where gas blows were experienced 

and a water sample showed the presence of Benzene and other VOC’s naturally associated with 

water associated with hydrocarbon reservoirs.  The average net reservoir to bulk thickness ratio 

is estimated at 90% from a review of the mud log for this interval.  The pore space is estimated 

to contain 152 million reservoir barrels.  Under confined injection, the water, gas, and pore 

space will compress and expand respectively to allow for water influx as pore pressure 

increases.  The maximum allowable pressure is defined by staying 10% below fracture 

pressure.  Fracture pressure is estimated to be equivalent to a 12 lb/gallon gradient (3214 psi at 

5150’).  Note that the actual parting pressure will be well defined upon completion of the well 

by the execution of a step rate test.  The original pressure is estimated at a pressure equal to an 

8.6 lb/gallon equivalent pressure gradient (2276 psi at 5150’).  The maximum allowable 

pressure used in the calculation of Injection Zone Capacity is 90% of the fracture pressure (90% 

of 3214 = 2892 psi).  This provides for an allowable increase in the reservoir pressure of 616 psi 

(2892-2276).  Water, gas, and pore space compressibility’s are estimated using standard oil and 

gas industry correlations.  Based on the original reservoir volume, along with the allowable 

pressure increase and the sum of the compressibilities, it is estimated that a total of 7,773 

thousand reservoir barrels can be injected into this space before the pressure limit is 

reached.  This equates to 7,368 thousand stock tank barrels based on a water reservoir volume 

factor of 1.055 RB/STB. Stock tank barrels are measured at atmospheric pressure and 60 

degrees F. See Exhibit IX-B for volumetric calculations in fault block E. 
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Exhibit IX-B 
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The facts presented in a series of case studies in Section VIII strongly suggests that water 

injected into the Willow Sands aquifer in fault block E should stay in fault block E. This 

statement is based on the documented examples of competent top, lateral and bottom seals in 

the neighboring fault blocks A and B. Exhibit IX-C shows the movement of hydrocarbons and 

water in the neighboring fault blocks A and B. If injected fluids did leave fault block E they 

would go into fault block A or B, which are both lower pressure than fault block E due to them 

having produced volumes of gas, condensate and water. In this scenario, the injected water 

would return to the same fault blocks from which it came. The requested Aquifer Exemption 

area is designed to include the neighboring fault blocks A and B to account for this possibility. 

Injectate possibly travelling into the neighboring fault blocks in the Willow Sands would have no 

effect on any underground sources of drinking water in the area. As previously discussed in 

section IV, there are no water wells which use this reservoir within a 24 square mile search 

area. The small number of water wells in the aquifer exemption area are no deeper than 215’ 

and separated from the Willow Sands by thousands of feet of claystone. 
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X.   Evidence Supporting 40 CFR 146.4 (b)(2) 
 

“It is situated at a depth or location which makes recovery of water for drinking water 

purposes economically or technologically impractical” 

The Willow sands in this area should not be considered as a viable source for drinking water 

due to their overall cost burden to drill and complete a water well at the depth of the proposed 

Aquifer Exemption area (5000’- 6000’). The depth disparity between the current water wells in 

the area and oil and gas wells is monumental and it would be grossly uneconomic and 

inefficient to consider drilling a water well which penetrates, and is completed within the 

Willow sands in the outlined Aquifer Exemption area. 

 

The typical depth of all water wells within the proposed aquifer exemption area is 127’ With 

the maximum water well depth being  215’.   

The average depth for all oil and gas wells drilled and completed (producing and shut in) within 

the Willow Field area is 5000’ to 6000’.   

 

Average Cost to Drill and Complete  

• The most recent well drilled is the Fallon 1-10 in the Harmon field.  To drill and complete 

this well to the depth of 5,434’ cost approximately $2,950,000 as of 2/22/18 . 

• To drill to the depth of 300’ the cost would be approximately $25,000 (quote from 

Hydro Logic, Inc  8/21/19)  See quote from Hydro Logic, Inc in Appendix X.  
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XI.  Evidence Supporting 40 CFR 146.4 (b)(3) 
 

“It is so contaminated that it would be economically or technologically impractical to render 

that water fit for human consumption.” 

The proposed exempted aquifer would not serve as a viable source of drinking water in the 

future as the water within this hydrocarbon producing sand is contaminated with various VOC’s 

(Volatile Organic Compounds)  including Benzene, Toluene, Ethylbenzene, and Xylene (BTEX). 

 

There are multiple produced water samples that have been taken from these very sands and all 

have shown some level of BTEX. Exhibit XI-A.  BTEX exposure at certain concentrations can be 

toxic to humans, effecting kidneys, liver, eyes and respiratory issues as well.   

 

All water samples in Exhibit XI-A were pulled from a separator, a vessel that collects the full 

well stream from each well when it is on production. This vessel is the first line of separation 

from the producing well bore.  Additionally, there are no injection wells within the hydrocarbon 

producing area/formations, proving that the produced water is native to the formation.  

Furthermore, the water samples taken from the 8 wells referenced in the table all share similar 

characteristics across the hydrocarbon producing field.  See Appendix VII for the full water 

sample analyses.  
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XII.  Summary  
 

Applicant concludes that the Willow Sands aquifer is eligible for an exemption determination 

under 40 CFR 146.4. A rigorous review of the Idaho Department of Water database of water 

wells over a 24 square mile search area surrounding the requested 4 square mile exemption 

area shows that the deepest water well is 415’. The Willow Sands aquifer is at a depth below 

4000’, therefore it is not currently being used as a source of drinking water. This meets the 

146.4 (a) condition “it does not currently serve as a source of drinking water; and ”. Section IV 

addresses this search. 

The Willow Sands aquifer is a commercially producing gas condensate field (Willow Field) in the 

requested aquifer exemption area. Therefore this application request meets the standard 

under 40 CFR 146.4 (b)(1) “It cannot now and will not in the future serve as a source of 

drinking water because: (1) It is mineral, hydrocarbon or geothermal energy producing, or can 

be demonstrated by a permit applicant as part of permit application for a Class II or III 

operation to contain minerals or hydrocarbons that considering their quantity and location 

are expected to be commercially producible.” Sections V through VIII provide evidence that 

the Willow Sands aquifer is a commercially producing hydrocarbon reservoir. 

40 CFR 146.4 (b)(2) states that an aquifer may be determined to be exempt if: “it cannot now 

and will not in the future serve as a source of drinking water because…    (2.) it is situated at 

such a depth or location which makes recovery of water for drinking water purposes 

economically or technologically impractical; or”..  

The cost to drill and complete a 5000’ to 6000’ well to the Willow Sands to produce water is 

estimated to be $2.9 to $3.0 Million, based on the 11 similar depth wells that we have drilled in 

the area. There are other much shallower zones locally that are currently being used (60’ to 

300’) for drinking water where wells can be drilled for $25,000. It does not make economic 

sense to spend over 100 times the amount needed to drill a shallow well to drill a water well to 

the Willow Sands aquifer. As this area is rural and very lightly populated, and the current water 

needs are being met by shallower aquifers, it simply does not make economic sense to drill 

deep, 5000’ to 6000’ wells to access water in the Willow Sands aquifer. This point is discussed in 

more detail in Section X of this application. 

40 CFR 146.4 (b)(3) states that an aquifer may be determined to be exempt if: “it cannot now 

and will not in the future serve as a source of drinking water because… (3.) it is so 

contaminated that it would be economically or technologically impractical to render that 

water fit for human consumption, or…” 

We have done extensive sampling and analyses of the water contained in the Willow Sands 

aquifer. The water samples analyzed from the aquifer show the presence of benzene, toluene, 

ethylbenzene and xylene in levels unacceptable for drinking water. The levels measured are  
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consistent with the fact that commercial hydrocarbons are present in the reservoir, these 

species of hydrocarbons are very commonly found in oil and gas fields. We have had third party 

analyses done of the cost to treat the water to render it useable for drinking and the costs are 

economically prohibitive.  

The Willow Field wells produce fresh water along with the oil, gas and condensate. This 

produced water is separated onsite and trucked 70 miles (140 miles round trip) to an 

evaporative disposal site near Kuna, Idaho. Applicants intention is obtain approval to reinject 

the associated fresh water produced from the wells back into the same Willow Sand reservoir 

from which it came. This local reinjection of the produced water would have multiple benefits 

to the local landowners, the community, the environment and the applicant. 

1. Reinjecting the associated produced fresh water in the field versus trucking it to 

disposal, would eliminate an estimated 250,000 to 300,000 miles of truck traffic every 

year, for multiple years. This potential injection scenario therefore would significantly 

reduce emissions into the airshed for multiple years. It also would improve community 

safety by reducing heavy vehicle  traffic and the possibility of accidents involving trucks 

hauling water. These factors benefit the environment in the region and lessen the 

potential impact of our operations within the community. 

2.  Reinjection of produced water back into the Willow Sands could be done at a fraction of 

the cost of the current method of hauling water to evaporative disposal. This scenario 

extends the economic life of existing wells and adds to the ultimate amount of oil and 

gas that can be produced economically. These extra volumes of hydrocarbons mean 

increased revenue to the local landowners and to the state of Idaho in extra tax 

revenue. 

3. Reinjecting produced water complies with the stated purpose of the Idaho Oil and Gas 

Conservation Act (the “Act”), which is to encourage and promote development, prevent 

waste, and protect correlative rights. Maximizing efficient recovery of minerals is a part 

of preventing waste of the resource. Extending the productive life of the Willow Field 

and therefore increasing the ultimate hydrocarbon production through implementing an 

economically advantaged injection well is highly conformable to stated goals of the 

established Idaho mineral law. 

 

 

  






